Introduction
Price elasticity measures the sensitivity of consumer behaviour to price (or tariff) fluctuations. (It should be noted that electricity prices in South Africa are administratively set and hence are actually tariffs, but here we use the terms interchangeably.) Understanding such behavioural responses is of strategic and practical importance to policymakers and investors alike within the electricity sector when considering infrastructure development planning, the determination of future electricity tariffs, environmental policies, etc. Being able to determine the most likely behavioural responses to changes in prices in an industrial environment that is continuously becoming more electricity intensive 1 is the key to successful policy implementation.
South Africa experienced a severe electricity supply crisis during 2007/2008 with extensive blackouts or loadshedding. The damaging consequences on the economy were vast. The National Energy Regulator of South Africa (NERSA) estimated that approximately ZAR50 billion (approximately USD5 billion) was lost during this crisis. 2 Many possible reasons have been given to explain the crisis, such as the lack of capacity for generation and reticulation of electricity 3 and the lack of research on electricity topics and energy in general 4 .
Eskom (the state-owned monopolistic supplier of electricity in South Africa) argued that the rate of economic and population growth in the country increased the mismatch between demand and supply of electricity, 5 and thus, only the expansion of power generation capacity would be able to alleviate the problem. Since then, the construction of two additional power plants, Medupi and Kusile, was initiated. These plants will be fully operational only from 2018 onwards, adding an extra 9600 MW (2 x 4800 MW) to the current power generation capacity.
It has also been argued 3, 6 that South Africa's historically low electricity tariffs -compared with those of the rest of the world -have been a disincentive for consumers to use energy efficiently, leading to higher electricity consumption levels. Since the crisis, Eskom and NERSA have changed the electricity tariff structure resulting in increases of up to 25% per annum from 2008 to date.
Following these events, many researchers have tried to detach the behaviour of consumers and their reactionsif any -to the past and also to future changes in tariffs. 3, [6] [7] [8] [9] When these studies were published, the available data included information only up to 2007/2008 -a time when electricity tariffs were at historically low levels. 3 Hence, the data did not allow for the investigation of the possible impacts of price restructuring beyond 2007/2008 on the South African electricity market nor for any changes in elasticities.
The tariff structures in the country since 2008/2009 might have altered consumer sensitivity to price fluctuations, so an in-depth analysis of this new behaviour has become imperative. From the outset it should also be noted that, given the dynamic nature of the country's economy, it is necessary to update elasticity estimates regularly as they do change over time (see also Inglesi-Lotz 6 ). Moreover, this information is also necessary to estimate the degree of consumer sensitivity to the introduction of any carbon tax or other future price restructuring.
Although we are not the first to ask these questions, this paper is unique in several ways. Firstly, it is the first to incorporate data after the electricity supply crisis in South Africa and the price restructuring of 2008/2009. Previous studies on the South African case only included information pre-energy crisis in the country and hence could not discuss the effects of the crisis and the price changes in consumer behaviour. This study is therefore not just a more updated version, but also provides more relevant and current policy suggestions.
Secondly, ours is the first study conducted for South Africa with such a detailed level of disaggregation. This analysis is not only for sectoral policy implications but will also assist in thoroughly understanding similarities and differences in the behaviour of the various sectors. This understanding allows investigations into whether there are changes and whether these changes are confined purely to certain sectors or are an economy-wide trend.
Literature review
Several studies have been conducted on the issue of electricity prices and price elasticity in South Africa, especially before 2007/2008. The local increase in the interest in price elasticity of electricity is matched by a similar increase http://www.sajs.co.za
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September/October 2015 internationally. Table 1 lists a selection of studies that deal with the influence of electricity prices on electricity consumption, both locally and internationally.
While this list is not exhaustive, the following salient facts emerge:
• International literature has focused on both developed and developing countries as electricity and its determinants are equally important for the economic growth and development of all countries.
• A large number of different methodologies was used, either in a time-series context looking at only one country at a time or in a panel context examining a group of countries at once.
• None of these studies concluded a certain trend, that is, whether the electricity demand was more or less elastic in the short run than in the long run.
• In some studies, such as Ziramba's  24 and Amusa et al.'s   25 , the price was found to be a statistically insignificant factor in the determination of electricity demand and hence was excluded from the estimations.
• South African studies reported various conclusions from no effect of price on consumption (zero or statistically insignificant elasticities) to highly negative price elasticities. From these observations, it can be inferred that the sensitivity of consumers to tariff changes is a dynamic process: different among countries and variable depending on the specific conditions of the country's electricity market and economy in its entirety. Beyond the anthropogenic effects, climate also has an impact on electricity demand 28 and may affect sectors differently. For these reasons, we aimed to re-examine the sectoral elasticities of electricity demand for South Africa since the tariff increases of 2008 because consumer behaviour towards electricity usage may have shifted.
The direction and magnitude of the behavioural change and adaptation of any particular sector varies highly. However, these changes can be broadly categorised into two outcomes: the industry does not adapt and output is affected, or the industry adapts and output is 'minimally' affected.
In terms of what can be done with regard to price changes, a neat case study by Thollander et al. 29 exists for the Swedish iron foundry industry. Thollander et al.'s 29 findings indicate that electricity price rises could lead to the industry employing 'energy efficiency' measures. The extent of these measures varies, but in another case, also in Sweden, it was found that in the face of price hikes in a chemical wood pulp mill, consumption of electricity could be reduced by up to 50% through efficiency measures. 29 If this was the case in South Africa, we would expect to see elasticity remain insignificant and not constrain output for the particular industry under investigation. Industries that may exhibit such qualities to some extent, based on the work of Inglesi-Lotz and Blignaut 9 , include the agricultural as well as non-ferrous metal sectors. These sectors have shown considerable gains in energy efficiency over the period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Given this historical trend towards efficiency in these two sectors, the price increases of 2008 may ultimately serve as catalysts to accelerate this effect. On the other hand, a sector that may be particularly affected is the iron and steel sector, which showed a large decrease in energy efficiency over the same period. 10 Electricity price changes might therefore be very damaging to the output of this sector.
Research methodology

Theoretical approach
In a perfect empirical world in which all information is available and quantifiable, a rather straightforward empirical description of the factors affecting the demand for electricity (q it in Equation 1) exists. The main factors influencing electricity consumption are: (1) sector-level electricity demand characteristics, denoted by X, (2) availability of electricity (supply side factors), denoted by Z and (3) the price of electricity (p). Throughout this study, a panel approach is followed, with the subscript i=1,…N referring to the individual sector under investigation whilst the subscript t=1,…T refers to the time period under investigation.
Typically, one would expect to estimate the supply side to arrive at an estimation of the supply price, and use the estimate of the supply price in the demand equation. In that structure, Z would not appear directly in the demand estimate, it would rather appear indirectly. However, in a monopolistic set-up such as the South African electricity supply sector, the supply curve is actually the marginal revenue curve, although only that portion thereof that lies above the marginal cost curve. Presumably, this marginal cost curve is (in the short run) flat within the boundary of the capacity constraints.
Electricity tariffs are exogenously determined by the national supplier of electricity, Eskom (as approved by NERSA). The tariffs are not determined through the interaction of supply and demand, but are an administrative charge determined by a national process of consultation and then decided on by the regulator. Consequently, and combined with the fact that electricity supply in the country has a specified ceiling, electricity supply is not considered to be a factor affecting electricity demand.
Based on this scenario, a regression of the following form is estimated following the most used specification in the literature 3, 6, 2430 :
where q is the annual electricity consumption per sector; p is the annual average tariff charged to each sector and X is the annual economic output per sector.
Econometric methodology
The data covered a number of sectors in the period 2000-2012, thus forming a panel database. Firstly, unit root tests are used to formally assess whether the panel data set is stationary or not. The tests proposed by Levin et al. 31 and Im et al. 32 are used to conclude whether the panel data set studied exhibits stationarity attributes. The first tests for the existence of a common unit root process while the second tests for individual unit roots.
If the results of the tests show that the series are stationary, then the analysis proceeds with the estimation of seemingly unrelated regressions (SUR). If not, Pedroni's 33, 34 panel cointegration test is used to investigate whether the series are cointegrated or not. If the series are cointegrated, then we continue with the SUR estimation as our focus is primarily on the long run. The Pedroni test allows for interdependence between cross sections.
The coefficients α i and δ i allow for sector-specific fixed effects and deterministic trends, respectively, while ε it denotes the estimated residuals representing deviations from the long-run. The null hypothesis is that there is no cointegration (in other words, the residuals are nonstationary). A unit root test is conducted as follows:
The Studies that used panel data techniques 9, 10, 16, 17 usually first estimated a pooled estimation followed by a fixed effects model to capture crosssectional heterogeneity. The pooled effects model is, however, considered to be limited for a number of applications, as it does not take into account any cross-section heterogeneity among the sectors. The pooled effects model presents a joint estimation of coefficients as follows:
Equation 5 for i = 1....N and t = 1.....T, where y it is the dependent variable observed for individual i at time t; X 1,it and X 2,it are the time-variant regressors; β 0 is the constant; β 1 and β 2 are the slope coefficients; and ε it is the error term. However, 'pooling' has some specific characteristics, such as the increase of the degrees of freedom, hence the potential low standard errors on the coefficients as a result. Also, except for the same slope coefficients, Equation 5 assumes a common intercept. To be able to distinguish between different effects, Equation 5 can be rewritten as:
y it = β 0 +β 1 X 1,it +β 2 X 2,it +α i +u it , Equation 6
for i= 1. There are two methods of dealing with the unobserved individual effect: the fixed effect model and the random effects model. The first assumes that α i is not independent of X 1,it and X 2,it while the latter assumes that α i is independent of X 1,it and X 2,it or E(αi | X 1,it ,X 2,it ) = 0. However, these estimations assume an average price coefficient for all the crosssections (economic sectors in this application where, once again, i is 1,….N for each sector; t is 1,….T is the time period; electricity consumption is the electricity consumption of each sector; price is the tariff charged by Eskom to each of the sectors; output is the economic output of each of the sectors and α 0 , α 1 , α 2 are the slope coefficients for each of the variables. All the variables are in their natural logarithms.
Data
Industrial sectors
The choice of the sectors to be included was dictated by the availability of data. These industrial sectors are: 
Electricity tariffs
With regard to tariffs, Eskom has a very detailed analysis of their tariffs and the time of use (TOU) structure. The issuing of tariff books started in 1995, resulting in a rich collection of tariff data available. The descriptions of the tariffs that will be used here are as follows:
• Ruraflex 35 [p. 44-45]: TOU electricity tariff for rural customers with a notified maximum demand (NMD) from 25 kVA. In our application, Sector 1 (agriculture) falls in this category. Tariffs are different between high-demand and low-demand seasons and among three categories within each season (peak/standard and off-peak). A weighted average tariff for each year was estimated using the consumption level for each TOU slot for each year.
• Megaflex 35 [p. [20] [21] : TOU electricity tariff for urban consumers with a NMD greater than 1 MVA. In our application, Sectors 2-10 fall in this category. Prices are different between high-demand and low-demand seasons and among three categories within each season (peak/standard and off peak), and a weighted average was estimated for each sector based on the consumption for each TOU slot for each year.
• Businessrate 35 [p. 26]: Suite of electricity tariffs typically for commercial use and for high-consumption, non-commercial supplies in urban areas with a NMD of up to 100 kVA. In our application, Sector 11 (Commercial sector) falls in this category. Different charges for different types of business rate are described as well as an extra environmental levy charged per season of the year, with a weighted average estimated for each year based on the consumption levels. 
Electricity consumption
The annual electricity consumption data set was provided by Eskom and includes the Eskom national sales directly to each consuming sector. 
Empirical results
As discussed in the methodology section, the first step of the exercise was to examine the stationarity properties of the variables used in the estimation. The Levin et al. 31 and Im et al. 32 tests were performed on these series. According to the conclusions for the different specifications, there is evidence that the panel data set exhibits stationarity properties (the results can be made available by the authors upon request).
As the results of the stationarity tests cannot reject the null hypothesis of stationarity, we can continue with the SUR estimation for the different economic sectors, where electricity consumption will be represented here as a function of:
• real economic output whose coefficients are expected to be positive (a priori expectations)
• electricity tariffs whose coefficients are expected to be negative (a priori expectations)
Then based on the price restructuring after 2008, illustrated in Figure 1 , the following dummy was used to capture the important changes in the electricity sector since 2008: The assumption is that the price restructuring might have affected the behaviour of some sectors with regard to their decision on how much electricity to consume. Thus, the final equation to be estimated was as follows (all variables in natural logs): electricity consumption t =α 0 +α 1 price t +α 2 dum * price t +α 3 output t
Equation 10
With the use of the dummy, the assumption was that the sectors may behave differently after the price increases of 2008. The a priori expectation is that the tariffs did not play an important role in electricity consumption before 2008, but that they did so thereafter. This assumption is derived from Inglesi-Lotz and Blignaut 9 , who found price coefficients were statistically insignificant until 2006 (the last year of the sample because of data availability) and Inglesi-Lotz 6 who found the price coefficient was close to zero for the last part of the time period (last year was 2005 because of data availability). From 2002 to 2007, the price elasticity was equal to α 1 and from 2008 to 2012 was equal to α 1 + α 2 (where the coefficients are statistically significant). Table 2 presents the results of the SUR estimation. The output coefficients are all positive and statistically significant, confirming our a priori expectations based on economic theory: the higher the production output of a sector, the higher the electricity usage of the sector.
In order to interpret the price elasticities, we should look at them for two separate periods: 2002-2007 and 2008-2012. As mentioned earlier, before 2008, price elasticity was represented by only the price coefficient but thereafter, it was represented by the sum of the price coefficient and the coefficient of the interaction variable of the dummy with price (for sectors for which the elasticities for both periods were statistically significant). Table 3 presents these coefficients.
For the period 2002-2007, the majority of the sectors exhibited the same pattern: the price was statistically insignificant, or in other words, did not play a role in the changes in electricity consumption. However, after the price restructuring of 2007/2008, the sectors show a significantly higher sensitivity to price changes, illustrated by the statistically significant coefficients of the interaction of price with the dummy. The lack of importance before 2008 can be attributed to the relatively low and stable level of prices. 6 Further evidence in support of this argument is that the majority of the sectors exhibited a structural break around the time that the price increase took effect (Chow test results are available upon request). Of those sectors that did exhibit a structural break, all are sectors that are heavily dependent on energy inputs and can hence be expected to react very quickly to price changes. Some sectors did not exhibit a break, possibly because of the limited number of observations available after the break dates. This limited number of observations means that it will be more difficult for the Chow test to detect more subtle structural changes. It may therefore be advantageous to conduct a more in-depth study on this issue of structural breaks once more data have become available for analysis. However, the results of the Chow test do not detract from the findings presented here, which are all statistically significant and of the a priori expected sign according to economic theory after the year 2008.
In the Commercial sector, the price changes did not seem to affect the electricity usage in the first period and the sector exhibited the lowest price elasticity in absolute values for the second period. That finding can be explained by the fact that the Commercial sector is not among the electricity intensive sectors of the country with the cost of electricity being a small portion of overall cost, 1 and hence, tariff fluctuations are not a factor to their small electricity consumption.
The Mining sector is another exception to the norm of the results. The Gold and Platinum Mining sector was found to have reacted negatively to price changes even for the period 2002-2007. This sensitivity dropped after the tariff increases of 2008. This drop may be explained by the platinum mining sector's electricity consumption, which is driven by large increases in output (output coefficient = 3.824, substantially higher than the rest). During the period, the world experienced a platinum 'bubble' and these figures reflect this.
There are only two sectors in which an anomaly is observed: Other Mining (which includes diamonds, quarrying, etc.) and Non-ferrous Metals. The anomaly lies in the price elasticities before the price increases of 2008 -the elasticities were 1.068 and 0.821, respectively. The anomaly did, however, disappear in the period 2008-2012 as the price elasticities during this period were found to be both negative and statistically significant.
Conclusion and discussion
South Africa has seen many studies with respect to price elasticity in the recent past. These studies were conducted either at a national or at a sectoral level and included data prior to 2008. We aimed to examine the price elasticities of electricity demand in South Africa with the purpose of testing whether consumer behaviour changed and by how much after The inclusion of further data beyond the energy crisis allowed for a comparison between pre-and post-energy crisis elasticities.
For the period 2002-2007, the estimates for price elasticity were statistically insignificant for the majority of the sectors, indicating that price did not play a role in the changes in electricity consumption. However, after 2008, the sectors showed a significantly higher sensitivity to price changes, illustrated by the statistically significant coefficients of the interaction of price with the dummy. The general trend we found is that those elasticity values which were insignificant before became significant, while those that were significant became more negative.
As in Inglesi-Lotz and Blignaut 9 , the differences among various sectors' electricity usage to price changes are also noted here. However, the overall trend of becoming more sensitive after the 2008/2009 price restructuring should be considered by policymakers. Future applications for increases in electricity tariffs (or higher environmental levies or carbon taxes) should take into account the fact that this might result in further decreases in electricity consumption. Decreases in consumption can materialise in two ways, with opposite effects. Some consumers will aim to consume energy more efficiently while others will turn to alternative and renewable forms of energy. This improvement and substitution will have a positive impact on environmental concerns. However, with higher prices of electricity, the variable costs for many small-and mediumsized enterprises will, in some cases, be unbearable and cause them to close down, thus putting severe constraints on the economic production of the country. This possibility is echoed by E.ON 38 which highlights that using energy prices as a tool to encourage efficiency may damage growth in some sectors. A policy should be employed only for those sectors for which there is opportunity for efficiency gains. 38 Prima facie evidence for a sector that would struggle to adapt, as per the current analysis, is the Gold Mining and Platinum Sector.
From a governmental perspective, it may therefore be advantageous to apply differential pricing strategies to the various energy consuming sectors. As noted in Kohler 27 , policymakers may in fact use energy pricing policy in such a manner as to discourage energy inefficiency within the South African economy by increasing the prices for energy inefficient users by more than those for energy efficient users. In so doing, the cost of inefficiency will rise and users of energy in South Africa will use energy more efficiently, reducing the demand for electricity somewhat in the long run. 39 This increased energy efficiency can be further enhanced by combining the differential pricing with subsidies specifically aimed at electricity users that adopt energy efficient technologies. 39 In fact, according to research by the Human Sciences Resource Council (HSRC), 40 there are numerous opportunities for energy efficiency (or energy savings) even in the most energy-intensive sectors, such as some mining sectors and some manufacturing sectors. 40 The HSRC furthermore identified low electricity prices as one of the impediments to the implementation of more efficient technologies. 40 Hence, a twoway approach pushing energy users away from inefficiency by making energy costly, as well as a cost-pull towards efficiency in the form of a subsidy, may be the way forward for South Africa, especially given how sensitive many sectors have become to electricity prices. 
